). Like any investment strategy, an indexing strategy must be implemented in the face of real-life issues such as portfolio management decisions, fund operations, and costs. As a result, even the best-run index funds do not track their benchmark indices perfectly, whether measured by excess return or tracking error. However, not all of these issues affect excess return and tracking error equally. This article measures the effect of several input variables, including expense ratio, active share, and fair-value pricing, on each of two output variables: excess return and tracking error (see Appendix Exhibit A1).
The term tracking error is sometimes used generically to describe an index fund's ability to track its benchmark index. However, as discussed by Roll [1992] , Pope and Yadav [1994] , and Frino and Gallagher [2001] , tracking error can be calculated in different ways, leading to measures that have different meanings. Our analysis looks at two principal ways, and we use two separate terms to characterize them. First, excess return is the extent to which a fund underor outperforms its benchmark index, and in our research is calculated as a fund's return relative to its benchmark over a calendar year. It can be a positive or negative value, although excess return is typically negative for index funds. Second, tracking error measures the consistency with which an index fund achieves its excess return over a stated period; in our research, it is calculated as the annualized standard deviation of a fund's monthly excess returns during that same calendar year.
Both excess return and tracking error are often used by the indexing community to measure two different aspects of a fund's index-tracking ability. We believe these metrics are equally important, though some investors might be primarily concerned with one over the other.
Because our sample consisted of exchange-traded funds (ETFs), we calculated excess return and tracking error on both a net asset value (NAV) and a market-price basis. Like mutual funds, ETFs calculate an NAV based on the underlying value of their securities. However, because ETFs are traded on an exchange, investors receive a current market price when the trade is executed. 1 We identif ied several independent input variables that are generally suggested to affect an index fund's excess return and tracking error. These variables included:
• Expense ratio • Portfolio turnover • Active share (our proxy for degree of index replication) We focused our hypotheses on three of these variables: expense ratio, active share, and whether a fund used fair-value pricing. The effect of expense ratio on index fund performance has been quantified by Elton et al. [2004] and Blitz et al. [2009] ; each of these studies estimated a negative one-to-one relationship between excess return and expense ratio. Johnson et al. [2013] and Stewart [2013] highlighted degree of index replication as a key source of tracking error, and Elia [2012] and Frino et al. [2004] associated optimized portfolios with higher tracking error relative to replicated portfolios. Hougan [2014] asserted that some tracking error statistics could be incorrect, owing to fair-value pricing.
2 Our analysis builds on each of these studies and uncovers new findings as well.
The first section of this article describes our data sample and methodology. The second section discusses the findings of the regression analysis using an NAV basis. The third section discusses the findings on a market-price basis, and is followed by the article's conclusion.
DATA SAMPLE AND ANALYSIS METHODOLOGY
Using Morningstar Direct, we selected all U.S. equity index ETFs considered "40 Act funds" (for the Investment Company Act of 1940) that existed at any point during the eight years ending December 31, 2013. We constructed our study sample using a fund years approach. For a given calendar year, an ETF needed to have data points for the four dependent and nine independent variables and to be classified as a U.S. large-cap, U.S. mid-cap, U.S. small-cap, or international ETF to be included in the dataset. Index mutual funds and fixed-income ETFs were excluded from this dataset, because they lacked the data for weighting methodology and active share, respectively, that were relevant to our study. However, our dataset of index ETFs indirectly captures much of the index mutual fund space, because it includes Vanguard ETF shares, which are a separate share class alongside the conventional mutual fund share classes of the same portfolio. Vanguard's index mutual funds comprise 80% of index mutual fund assets (Source: Morningstar, Inc. as of December 31, 2013) .
To improve the accuracy of our data sample, we attempted to account for ETFs that had undergone benchmark index transitions during our eight-year study period. Because Morningstar Direct does not adjust benchmarks to include the performance of old benchmarks in its performance calculations-a technique known as splicing-historical tracking errors and excess returns can become artificially inf lated.
3 For ETFs that changed benchmarks during the eight years, 4 we therefore created spliced benchmarks in Morningstar to reflect the correct benchmarks used by the ETFs over their lifetimes. Based on that splicing, we were able to calculate excess return, tracking error, and active share. Using returns with monthly frequencies-rather than daily or weekly frequencies-mitigated the potential effect of serial correlation noted by Pope and Yadav [1994] .
As a result of these adjustments, our final dataset comprised a cross-section of 921 fund-year observations representing 198 distinct index ETFs across nine ETF sponsors.
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We began our analysis by conducting univariate regressions of excess return and tracking error (on an NAV basis) on our key input variables. We also conducted multivariate regressions with various combinations of the key input variables. The next round of regressions controlled for the effects of macroeconomic factors by applying a binary variable to the relevant calendar year ("time effects"). We believe the introduction of time effects was critical to better account for shared factors and business-cycle events that might affect all funds. We continued the regressions by also controlling for fund type ("fixed effects"). We believe the introduction of the controls led to coefficient estimates that better ref lect fund-specific factors. Our final multivariate regression included time effects, fixed effects, and all independent variables. We repeated this process with excess return and tracking error on a market-price basis. 6 Our pooled ordinary least-squares regression model is:
where γ t is a 1/0 variable that indicates the calendar year and δ i is a 1/0 variable that indicates the fund type.
ANALYSIS OF DEPENDENT VARIABLES ON AN NAV BASIS

Excess Return
Our primary hypothesis was that expense ratio would be the only variable to have a statistically and economically significant effect on NAV excess return. Logic would seem to support this, because expense ratios detract from fund performance; they cannot be additive.
The mean values for NAV excess return and expense ratio are −31.27 and 32.11 basis points, respectively. This hints at a possible one-to-one relationship between the two variables, whereby each basis point of expense ratio is responsible for a basis point of negative NAV excess return.
Exhibit 1 illustrates the relationship between expense ratio and NAV excess return, whose correlation is −0.31 and is statistically significant at 1%. Despite the variation, there would seem to be an inverse relationship between the two variables. We tested the relationship by conducting several regression models with expense ratio as the focal point. Exhibit 2 shows the results.
Panel I of Exhibit 2 shows that the coefficient of −1.35 is statistically significant at 1% and suggests that
E X H I B I T 1 Higher Expense Ratio Leads to Lower Excess Return
Sources: Vanguard calculations using data from Morningstar, Inc. and ETF-sponsor websites. NAV excess return drops by more than a basis point for each basis point of expense ratio. Although the coefficient does not represent an exact one-to-one relationship, we believe the finding is very similar. 7 The intercept from this regression suggests that an ETF produces 12 basis points of NAV excess return above the otherwise negative effects caused by the expense ratio.
Panel II of Exhibit 2 includes only expense ratio, but introduces time effects, which capture some of the effects of market volatility. Panel III includes time effects as well as fixed effects. Panel IV includes time effects, fixed effects, and all independent variables from the sample.
The time effects in panel II of Exhibit 2 boost the explanatory power as the adjusted R-squared climbs from 9.3% to 15.2%. Note that the coefficient for the expense ratio of −1.34 is very similar to that in panel I, and the intercept is not statistically different from zero. Adding the fixed effects in panel III had little effect versus the enhancement shown in panel II. The coefficient for expense ratio is very similar, at −1.37; the adjusted R-squared actually falls to 15.1%; the intercept remains indistinguishable from zero; and none of the fixed effects show significance. In short, the expense ratio consistently and significantly explained NAV excess return in these models.
Although producing results along similar themes to those in the first three models, the fourth model, in panel IV of Exhibit 2, produced two additional statistically significant coefficients, though they added only a little explanatory power (the adjusted R-squared is 15.7%). Expense ratio's coefficient dropped further, to −1.89, and the intercept remained insignificantly different from zero. However, fair-value pricing and international appear statistically significant at the 1% and 5% levels, respectively. International's coefficient suggests that, all other things being equal, to the extent an ETF is an international-equity ETF, it had an NAV excess return of about 27 basis points higher than that of U.S. ETFs. Fair-value pricing's coefficient was −41.72. However, because all fair-value pricing ETFs in our sample were also international ETFs, the net effect of these two variables was about −15 basis points (−41.72 + 26.91 = −14.81).
The results suggest that FVP ETFs are less-effective index trackers, but that is a faulty assumption. As noted by Rowley [2013] , funds that use fair-value pricing adopt security prices that ref lect what the securities would be worth if those underlying markets were still open. In contrast, benchmark indexes use the stale prices from the underlying markets. Thus, it is possible for a security held by both an ETF and its benchmark to have different closing prices. The difference gives the appearance of poor tracking. However, as we discuss later, the effect of fair-value pricing on market excess return is insignificant.
Although the constant in panel I (Exhibit 2) could be considered a form of alpha, we wondered whether this could be attributable to securities-lending revenue, rather than ref lecting any value-added trading strategies. The introduction, however, of the time effects in panel II eliminated the statistical significance of the constant, and the constant was not statistically significant in panels III or IV.
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The R-squared figures for all of the models might appear weak at first glance, but the amount of unexplained variance was not surprising. The low R-squared is to be expected for index funds, and does not invalidate the significance of expense ratio. We found that part of the low R-squared was associated with international funds after we regressed NAV excess return on expense ratio for just the domestic-equity ETFs in our sample. Exhibit 3A illustrates the noticeable increase in R-squared, while Exhibit 3B shows that the expense ratio coefficient remained similar and statistically significant to at least 1%. 
E X H I B I T 2 Results of Regression with NAV Excess Return as Dependent Variable
Tracking Error
Our primary hypothesis was that active share (log) and fair-value pricing would have the greatest statistically and economically significant effect on NAV tracking error (log). As an index fund's degree of index replication falls, it can cause periods of positive and negative excess returns, but regardless of the average of excess return, any variability in intra-period excess returns is by definition tracking error. Fair-value pricing can also cause periods of positive and negative excess returns, because the fair-value adjustment of stale prices can be either upward or downward. Such movements even out over the long term, but they still lead to tracking error.
Exhibit 4 confirms two reasons we believed both variables would have an effect. First is the relationship between active share (log) and NAV tracking error (log): as active share increases, tracking error also increases. The two variables exhibited a correlation of 0.59, statistically significant at 1%. Schlanger et al. [2012] similarly found that for actively managed funds, higher active share was associated with greater variability in excess returns. Second, it appears that the fair-value pricing ETFs have (on average) no greater or lesser amount of active share relative to the other international ETFs, yet they seem to possess higher tracking error. As we analyzed each independent variable individually, a relationship between NAV tracking error (log) and expense ratio also emerged. Exhibit 5 suggests that as expense ratio increases, NAV tracking error (log) increases, and their correlation of 0.59 was significant at 1%. Also, the FVP ETFs seem to have elevated tracking error, despite appearing to have relatively lower expense ratios. Once again, this suggests that fair-value pricing has an effect on NAV tracking error (log).
E X H I B I T 3 A Expense Ratio Explains Greater Amount of Variance for Domestic-Equity ETFs
To further test the effect of active share (log), fairvalue pricing, and expense ratio on NAV tracking error (log), we conducted several regressions, the results of which are displayed in Exhibit 6. Panel V shows the results of two univariate regressions. Subpanel (a) captures active share (log), and subpanel (b) captures expense ratio. Panel VI adds fair-value pricing as an independent variable to active share (log), and panel VII adds fair-value pricing to expense ratio. Panel VIII is a multivariate model that includes active share (log), fairvalue pricing, and expense ratio, while panel IX adds time effects, fixed effects, and all remaining independent variables to the three variables from panel VIII. Active share (log), expense ratio, and fair-value pricing proved to be significant variables in all of the models. In both of the regressions in panel V (Exhibit 6), more than one-third of the variability of NAV tracking error (log) can be explained by active share (log) or expense ratio, and in each case the coefficients are significant at the 1% level. Panel VI adds fair-value pricing to active share (log) as an independent variable, and the explanatory power increases to 44.7%, while panel VII adds fair-value pricing to expense ratio, and the adjusted R-squared is even higher at 64.0%. All of the independent variables in panels VI and VII are significant at 1%.
E X H I B I T 5 Higher Expense Ratio Leads to Higher NAV Tracking Error (log)
Note: FVP = fair-value pricing. Circles represent domestic-equity ETFs (FVP = 0); triangles represent international-equity ETFs (FVP = 0); and diamonds represent international-equity ETFs (FVP = 1). Sources: Vanguard calculations, using data from Morningstar, Inc., and ETF-sponsor websites.
E X H I B I T 6 Results of Regression with NAV Tracking Error (Log) as Dependent Variable
Panel VIII (Exhibit 6) shows the results of all three variables. The adjusted R-squared increases to 69.8%, and all three variables are significant at 1%. The coefficient for expense ratio remains steady, but that of active share (log) drops. Although not shown, adding time effects to panel VIII increased the adjusted R-squared to 73.4%, whereas the coefficients for the three input variables did not meaningfully change.
Panel IX (Exhibit 6) shows that all of the variables except UIT and cash balance are statistically significant to at least 5%. As expected, expense ratio, active share (log), and fair-value pricing are significant, although it was unclear to us why AUM percentile and non-market-cap were also significant. However, the inclusion of all independent variables only increased the explanatory power to 77.9%.
Our unexpected takeaway is the finding that expense ratio has an effect on NAV tracking error (log). This seems to go against conventional wisdom, because an expense ratio is a constant reduction in fund return, while tracking error is a measure of variability. We believe the finding suggests not that an expense ratio itself is a cause of tracking error, but that expense ratio might indicate that other factors are causing tracking error. It could be that fund managers with higher expense ratios use various portfolio management techniques to earn back some amount of the expense ratio. For example, Dunham and Simpson [2010] concluded that S&P 500 index funds trade opportunistically around index membership changes; the authors noted a significant relationship between a fund's annual excess return and the amount of excess return earned during index changes, relative to normal days. It is furthermore possible that positive yet inconsistent amounts of securities-lending revenue contribute to tracking error.
ANALYSIS OF DEPENDENT VARIABLES ON A MARKET-PRICE BASIS
On a market-price basis, all ETFs are subject to a form of fair-value pricing, because all investors who trade ETFs impart to them their collective assessment of fair value while the ETFs trade on an exchange. Our analysis found that when excess return and tracking error were determined on a market-price basis, the effects of fair-value pricing on excess return were not meaningful, and that the effects of fair-value pricing on tracking error were greatly reduced. Exhibit 7 shows the regression results with market excess return (panel X) and market tracking error (log) (panel XI) as the dependent variables. Coef.
E X H I B I T 7 Results of Regression with Market Excess Return and Market Tracking Error (Log) as Dependent Variables
-1.55 -2.14* Expense ratio is the only variable to have statistical significance to at least 5% on market excess return; it is interesting that the coefficient of −1.08 is essentially the one-to-one relationship introduced earlier. For market excess return, fair-value pricing is not statistically significant.
In our opinion, the effect of fair-value pricing on market tracking error (log) is greatly reduced relative to its effect on NAV tracking error (log). Exhibit 8 illustrates each input variable's amplification of tracking error. Fair-value pricing's amplification effect on tracking error falls from 12.7 to 1.9 when moving from an NAV basis to a market-price basis.
9 Though still experienced by the investor, it is possible that marginal tracking error caused solely by fair-value pricing does not result from portfolio management decisions, but rather from authorized participant decisions. Because of the uncertainty surrounding end-of-day fair-value-priced NAVs, authorized participants may choose to price in that uncertainty in the form of higher bid-ask spreads and/or premiums and discounts to the ETF 10 .
CONCLUSION
Using a cross-sectional sample of index ETFs, we analyzed the effect of several input variables on a fund's ability to track its benchmark index, as measured by two output variables: excess return and tracking error. We found that a fund's expense ratio was the dominant variable with a significant-and negativeimpact on excess return. With respect to NAV-based tracking error, we found that higher levels of active share and the existence of fair-value pricing increased tracking error. Unexpectedly, we furthermore found that higher expense ratios were associated with higher levels of tracking error. Finally, on a market-price basis, the effects of fair-value pricing on tracking error were greatly reduced. 
E X H I B I T 8 FVP Contribution to Tracking Error is Greatly Reduced on a Market-Price Basis
E X H I B I T A 1 Definitions of Variables
Dependent Variables
NAV Excess Return
Difference between an ETF's NAV-based total return and the total return of its benchmark index over a given time period, in this case a calendar year.
Market Excess Return
Difference between an ETF's market-price-based total return and the total return of its benchmark index over a given time period, in this case a calendar year.
Market Tracking Error (log) Log (base 10) of the market-price tracking error, defined as the annualized standard deviation of market-price-based monthly excess return data points for a calendar year.
Independent Variables
Expense Ratio Expense ratio reported in the ETF's annual report for a given fiscal year. We use the annual report expense ratio as a proxy for the expense ratio incurred for the corresponding calendar year.
Turnover (log) Log (base 10) of the portfolio turnover ratio reported in the product's annual report for a given fiscal year. We use the annual report turnover ratio as a proxy for the turnover ratio incurred in the corresponding calendar year.
Active Share (log) Log (base 10) of an ETF's active share relative to its benchmark index. For each fund-year observation, active share is measured as of the beginning of that year. Active share is a proxy for the degree of an ETF's index replication and is calculated as half the sum of the absolute difference in weighting between securities in the fund and its benchmark.* AUM Percentile An ETF's percentile ranking within a calendar year based on average assets under manangement.
Tenure Percentile An ETF's percentile ranking within a calendar year based on the number of years the ETF has existed.
UIT
A binary variable that indicates whether or not an ETF is structured as a unit investment trust.
Fair-Value Pricing (FVP)
A binary variable that indicates whether or not an ETF's NAV performance is subject to fairvalue pricing.
Cash Balance A binary variable that indicates whether or not an ETF possessed a positive, non-zero average cash balance in the calendar year.**
Fixed Effects
International A binary variable indicating whether or not an ETF is classified as an international equity fund.
A binary variable that indicates whether or not an ETF uses a non-market-capitalization weighting methodology.
Non-Market-Cap
A binary variable indicating whether or not an ETF is classified as a U.S. mid-cap equity fund.
Mid-Cap
A binary variable indicating whether or not an ETF is classified as a U.S. small-cap equity fund.
Small-Cap
Log (base 10) of the NAV tracking error, defined as the annualized standard deviation of NAVbased monthly excess return data points for a calendar year. Dickson and Rowley [2014] for further discussion of the trading characteristics of ETFs and mutual funds.
2 Though Hougan [2014] acknowledged that "there are a handful of ETF providers-Vanguard among them-that adjust their end-of-day NAVs using 'fair-value' standards," we could definitively identify only Vanguard ETFs as being subject to fair-value pricing.
3 For example, excess return and tracking-error calculations are incorrect if a current benchmark's historical performance is used to gauge a fund's performance when that fund was tracking a different index during a specific historical time period.
4 See Murphy [2010 ], State Street [2013 , and Vanguard Group [2012] for descriptions of how we identified the ETFs. 5 The sample reached 923 fund years, but we removed two funds with portfolio turnover data that were extreme outliers.
6 Although the regression findings are explanatory in nature, investors could potentially use them predictively when conducting fund due diligence. To the extent that the value of an independent variable discussed in this analysis is expected to exhibit some level of consistency over time for a particular fund, investors could apply the explanatory relationship to the future period. In other words, suppose there is a relationship between variables x and y. If the value of x was to remain consistent in future periods, it is reasonable for investors to expect a similar outcome for variable y in the future.
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A possible reason for a relationship that is greater than one to one is this: Technically, a fund's return is calculated as (1 + r)÷ (1+ expense ratio). The negative effect of expense ratio has a compounding effect on excess return, rather than the additive effect of (r -expense ratio). 8 The 12 basis points indicated by the constant in panel I (Exhibit 2) seems reasonably similar to the findings of Adams et al. [2013] , whose sample of U.S. large-cap, mid-cap, and small-cap equity index funds and foreign large-blend index funds, generated 2.5, 8.2, 12.0, and 7.6 basis points of securities-lending revenue, respectively. Because of data constraints, we were unable to test for securities-lending impact, but we nonetheless acknowledge that the effect of securities lending likely exists somewhere in the data. 9 In addition, fair-value pricing funds possessed a lower mean market tracking error (369.2 versus 400.1 basis points, respectively) and a lower standard deviation of market tracking error (184.9 versus 243.2 basis points) than those of non-fairvalue pricing international funds. 10 There is a question as to the economic significance of some of the variables' impact on tracking error. We consider active share (log), expense ratio, and fair-value pricing to be statistically and economically significant because their coefficients remained statistically significant throughout the regressions and they also maintained statistical significance on both an NAV and market-price basis. The economic significance of turnover (log), AUM percentile, and non-market-cap is questionable. Their inclusion alongside the other remaining independent variables only slightly increased the explanatory power in our models beyond that explained by our three main input variables. In addition, turnover (log) and non-market-cap were not statistically significant on a market-price basis.
